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Abstract 
In order to meet the needs of scientific decision-making of roadside safety improvement project, a decision-making model of 
two-lane highway roadside safety improvement is proposed which based on Game Theory analysis. Firstly, roadside safety 
level was divided by indicators which can reduce the probability of run-into-roadside or improve the safety of roadside 
objective characteristics, and each indicator safety classification standards was determined on the basis of certain statistics 
data. Then, countermeasures database of roadside safety improvement is established by summarize and refining the roadside 
safety conditions countermeasures based on the domestic and overseas research results. Finally, against Game problems for 
roadside safety improvement process, and carried out the analysis of conflict and cooperation about the Game problems, 
decision-making information fusion model of roadside safety improvement is proposed by Game Theory. The results can 
provide a decision-making method for roadside safety improvement program. 
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1. Introduction 
Roadside accident is in about 30% of the highway traffic accident. In the three or more deaths of major 
accident, roadside accident account for about half the proportion of major accident, which caused by the vehicle 
runs off the road, falling cliffs or bridges (Zheng, 2008). Roadside safety research had been taken seriously in our 
country, such as roadside hazards classification (Gao, 2008; Zegeer, 2000; Li, 2004; You, 2010) and roadside 
safety improvement issues (Gao, 2008; Guo, 2012). At present, the qualitative research is the mainly method for 
roadside hazards classification. Zegeer et al (2000) divided roadside hazards into seven levels by roadside 
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features, such as the clear zone, sideslope rate, surface roughness, guardrail setting mode and dangerous objects 
stiffness. The higher the level indicated that the more dangerous road side. Hailong Gao (2008) put forward four 
levels classification method based on foreign roadside hazards research. However, when faced with complicated
roadside environment, the application of qualitative classification method is difficult to judge roadside hazards
due to many influence indicators. In quantitative research, Heng Zheng et al (2008) used Bayesian network and 
Changcheng Li et al (2004) used gray clustering method to establish the roadside safety assessment model.
However, the reliability of these models are bound to be affected because of the correlation between some cause
and outcome indicators related and these indicators been in an evaluation system. There are mainly two aspects 
for roadside safety improvement countermeasures research: research and development of roadside safety
facilities, identification and disposal the roadside dangerous objects (Guo, 2012). On the basis of roadside safety 
qualitative or quantitative classification, engineers decided improvement countermeasures mainly through the
engineering experience in a roadside safety improvement project. However, according to this way to carry out the
project, the right equilibrium point is difficult to be found between benefits and costs. Therefore, further research
should been to develop evaluation standard for roadside safety indicators, and to summarize safety indicators
corresponding improvement countermeasures at home and abroad, and to use mathematical methods to find the 
equilibrium point. Based on this idea, the paper proposes a decision-making information fusion model of roadside
safety improvement by Game Theory. The model can provide support for roadside safety improvement program.
2. Methodology
On the basis of domestic and overseas research results and certain statistics data, the paper develops evaluation
standard for roadside safety indicators, and summarizes safety indicators corresponding improvement 
countermeasures, and uses Game Theory to find the equilibrium point between safety benefits and costs for 
improvement project. In order to obtain optimal costs or safety benefits, there is a research work for the conflict 
analysis and cooperation analysis. Research methodology is shown in Figure 1.
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Fig.1. The study idea of roadside safety improvement program
2.1. The method of roadside hazards classification on two-lane highway
There are mainly two aspects for objective indicators of roadside safety from the roadside hazards analysis:
Roadside objective characteristics indicators affect the severity of roadside accidents.
Geometric alignment and traffic flow make different possibility of run-off-road.
These constitute necessary conditions for the different severity roadside accident occurred. Therefore, the
paper divided roadside hazards into five levels (A B C D E) according to these two conditions with 
mathematical statistics research, as shown in Table 1.
Table 1 Safety classification standard for roadside hazards indicators
Conditions Safety Indicators
Safety Level
A(Safest) B (Safer) C (Safe) D(Dangerous)
E(More
Dangerous)
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Roadside 
objective 
characteristi
cs 
Sideslope 
U1 
Sideslope Length U11 m  9 9 6 6 3 3 1 1 
Sideslope Ratio U12 
1:6 or 
Flatter 1:6 1:4 1:4 1:3 1:3 1:1 1:1 or Steeper 
Dangerous 
Objects U2 
Density of Discrete 
Dangerous Objects U21
km-1  
1 1 10 10 30 30 40 40 
Average transverse distance 
of Discrete Dangerous 
Objects U22 m  
0.9 0.9 0.7 0.7 0.5 0.5 0.3 0.3 
Density of Continuous 
Dangerous Objects U23 
0.01 0.01 0.05 0.05 0.2 0.2 0.4 0.4 
Average transverse distance 
of Continuous Dangerous 
Objects U24 m  
0.9 0.9 0.7 0.7 0.5 0.5 0.3 0.3 
Depth of 
Sideslope 
Bottom U3 
Depth U31 m  1 1 2 2 5 5 10 10 
possibility 
of run-off-
road 
Traffic 
Compositio
n V1 
Average Daily Traffic V11 
veh/d  
2000 2000 5000 5000 7500 7500 10000 10000 15000 
Models proportion V12 
With car proportion 
analysis  
90% 75% 90% 50% 75% 30% 50% 30% 
Alignment 
V2 
Horizontal Curvature V21 0
 -1 1 
-3 -1,  
1 3 
-4 -3,  
3 4 
-6 -4,  
4 6 
-6, 6 
Longitudinal Grade V22 -3% -3% -4% -4% -5% -5% -6% -6% 
Subgrade 
Width V3 
Shoulder Width V31 m  1.5 1.25 1.5 0.75 1.25 0.5 0.75 0.5 
Lane Width V32 m  3.75 3.75 3.5 3.25 3.25 
Pavement 
condition 
V4 
Friction Coefficient V41 0.6 0.5 0.6 0.4 0.5 0.3 0.4 0.3 
Roughness V42 m/km  3 3 5 5 6 6 8 8 
When each indicator is at different values, the corresponding safety level is different. Different indicators 
safety can be improved by taking the appropriate safety improvement countermeasures. Therefore, the indicators 
of safety improvements should be determined according to this decision-making protocol: when the level of 
single indicator is in the D or E, the indicator needs to improve safety. 
2.2. Roadside safety improvement countermeasures 
Based on objective safety indicators analysis, improving roadside safety is represented by two aspects 
logically: reducing the possibility of run-into-roadside and improving roadside objective characteristics safety, as 
shown in Figure 2. In order to ensure the safety improvement decisions more scientific and operability, the 
countermeasures should be objective and independent. Therefore, according to summarize and refining of 
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roadside safety improvement countermeasures at home and abroad(Gao, 2008; TRB, 2003; AASHTO 2002), the
paper designed the countermeasures library in accordance with Figure 2 logical relationship, as shown in Table 2.
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Fig.2. Roadside Safety Improvement Strategy
Table 2 Countermeasures Library of Roadside Safety Improvement 
Conditions Safety Improvement Countermeasures Code Unit Price
Library of
Improving
Roadside Objective
Characteristics
Safety
A
Slow Subgrade Sideslope A1 WA1
Increase the Clear Zone Width A2 WA2
Improve Maintenance Quality of the Clear Zone, Clear the Dangerous Objects A3 WA3
Design Through Type Side-ditch, such as Shallow Dish Side-ditch, Rectangular 
Plate Side-ditch, etc. A4 WA4
Smooth Transition between Lane and Shoulder A5 WA5
Improve Curb Design A6 WA6
Disposal Street Trees, , such as Transplant Street Trees to Safe Range A7 WA7
Disposal Utilities Rod, such as Increase the Horizontal Distance and Vertical
Spacing A8 WA8
Set Dangerous Objects Facilities (Signs, Utility Rod, etc.) in the Position of the
Low Probability of Being Hit A9 WA9
Identify Potential Roadside Dangerous Objects, such as Set a Warning Sign,
Paste Reflective Film or Reflective Paint Spray A10 WA10
Improve Visibility of Roadside Subsidiary Facilities A11 WA11
Adopt Facilities of Disintegration and Energy Dissipation A12 WA12
Set the Collision Buffer Facilities A13 WA13
Improve and Strengthen Traffic Signs of Tips and Warning Role in the Steep
Slope, the Deep Roadside A14 WA14
Countermeasures
Library of Reducing
the Possibility of 
Run-into-roadside
B
Strengthen Traffic Control B1 WB1
Set or Add Accommodation Lane in Special Sections B2 WB2
Set or Improve the Road Delineator and Guide Sign Reasonably; B3 WB3
Use Visual Marking, Longitudinal Compression Marking to Change the Impact 
of Lane Width B4 WB4
Improve and Strengthen Shoulder Rumble strips or Road Rumble Strips To 
Remind the Driver not to Cross-border Travel B5 WB5
Provide or Improve Lighting, Enhance Visibility in the Fog Weather or Night B6 WB6
Ensure Enough Sight Distance, such as Prune vegetation in Horizontal Curve B7 WB7
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Section  
Increase Pavement Skid Resistance, such as Roughen, Set Thin Layer  B8 WB8 
Increase Pavement Roughness, Ensure Pavement Quality  B9 WB9 
Set or Improve the Forced Deceleration Physical Facilities, such as Speed Bump  B10 WB10 
Shoulder Widened Treatment B11 WB11 
Shoulder Hardened Treatment B12 WB12 
Improve Shoulder Maintenance Quality, Clear Shoulder Sundries B13 WB13 
Improve Geometric Alignment Design and Consistency, such as Straighten Curve 
Section, Increase Curve Radius, Set Reasonable Superelevation, Improve 
Transition Curve 
B14 WB14 
Set or Improve Guardrail Design  B15 WB15 
 
2.3. Game analysis of roadside safety improvement issues 
2.3.1 Conflict analysis 
In a roadside safety improvement project, when the roadside safety is in such a situation: very low 
possibility of run-off-road, and very dangerous roadside objective characteristics, there is not necessary to be 
carried out improvement. On the contrary, when the roadside safety is in such a situation: very safety roadside 
objective characteristics and very high possibility of run-into-roadside, the roadside accident will not produce 
casualties. Therefore, global countermeasures space is fused by two local countermeasures spaces which are 
generated through reducing the possibility of run-into-roadside and improving roadside objective characteristics 
safety. This fusion process exist some conflict issues. In conflict analysis of the Game (Xiao, 2003), space 
; < could be assumed countermeasures space. When \[ ; < , if the inequality 
   ( ( ([ < ; < ; \  always holds for a certain countermeasures  ; < , 
 ; <  is considered to be the equilibrium point of the Game. ( ; <  represents payment cost expected 
function. 
2.3.2 Cooperation analysis 
In a roadside safety improvement project, a decision-making protocol is proposed for countermeasures 
which are about roadside objective characteristics and possibility of run-into-roadside. This decision-making 
protocol is as follows: when the level of single indicator is in the D or E, the indicator needs to improve safety. 
According to this protocol, a bounded convex set which is formed by all expenditures costs is called the feasible 
set. The feasible set ) has a special point   , and    is optimal costs of roadside safety 
improvement. In cooperation analysis of the Game (Xiao, 2003), the solution function )  should satisfy 
the Nash bargaining axioms, and meet the requirements of maximize the Nash product: 
   DUJPD[> [  [  @[ )[) . 
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3. Decision-making information fusion model
3.1. Fusion process
Decision-making fusion as a high-level fusion made full use of the various local decision-making information
and low-level fusion results according to use appropriate fusion technology. The paper proposed decision-making
protocol (when the level of single indicator is in the D or E, the indicator needs to improve safety) is local
decision-making space research area. For the entire roadside environment, the consolidated results of the safety 
enhancement for the individual indicators are global decision-making space research area. Therefore, the whole 
fusion process can be seen as the transformation process of the local decision-making space to the global 
decision-making space. Conflict issues will be taken into account between multiple local decision-making spaces 
in this transformation process. Game Theory can let this conflict process be seen as interactive decision-making 
process that multiple local decision-making spaces used the different strategies. Therefore, the fusion process can
be seen the transformation process of local multiple decision-making space of indicators to the global decision-
making space in the study about decision-making information fusion model of roadside safety improvements
based on Game Theory, as shown in Figure 3.
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Countermeasures
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Local
Countermeasures
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Decision-making Information
Fusion Algorithm
based on Game Theory
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Countermeasures
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Output
Countermeasures Space B about
Reducing the Possibility of
Run-into-roadside
Fig.3. Decision-making Information Fusion Model of Roadside Safety Improvement based on Game Theory
3.2. Fusion algorithm
3.2.1 The method of determining local countermeasures space
According to countermeasure library in Table 2, local countermeasures space can be made up by using the
method of set theory, as shown in Figure 4. For example, if roadside objective characteristics U12 indicator is in 
the D level , U22 and U23 are in the E level for a certain roadside unit sections (500m for a unit sections), it is
known that these three indicators need to take corresponding countermeasures to improve safety according to the
decision-making protocol. Therefore, countermeasures set of these indicators is given as:
     ^ `3 8 $ $ $ 1
     ^ `3 8 $ $ $ 2
      ^ `3 8 $ $ $ $ 3
By using the method of set theory to obtain local countermeasures space $4 , $4 is given as:
                 ^$ $ $ $ $ $ $ $ `$4 4
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8 8 8 8 8 8 8
$ $ $ $ $ $ $ $ $ $ $ $ $ $
% % % % % % % % % % % % %% %
9 9 9 9 9 9 9 9
Countermeasures Space about Reducing the Possibility of Run-into-roadside
Countermeasures Space about Improving Roadside Objective Characteristics Safety
Fig.4. Structure of Countermeasures Space for Roadside Safety Improvement
3.2.2 Fusion algorithm based on Game Theory
Local countermeasures space $4 could be assumed local countermeasures space about improving roadside
objective characteristics safety and %4 is local countermeasures space about reducing the possibility of run-into-
roadside in the decision-making information fusion system   $ %6 , where ^ `$ $ $ $P  4  and 
^ `% % % % Q  4  .
The countermeasures between $4 and %4 can constitute P Q interactive situation in the fusion process.
In the interactive situation by L P M Q , safety improvement costs paid   $ %6 system $: which 
can improve roadside objective characteristics safety is denoted by LM , and %: which can reduce the possibility
of run-into-roadside is denoted by LM . Improvement costs that   $ %6 system paid to the countermeasures
set $ %4 4 can use the following matrix which is called fusion matrix to represent.
    Q Q
    Q Q
P P P P PQ PQ
5
Decision-making information fusion system solution should meet the following conditions:
      
      
 
 
$
%
: :
: : 6
Where  = Local implementation countermeasure of $4 ,  $4 ;  = Local implementation 
countermeasure of %4 ,  %4 ;  L = Improvement costs of decision-making fusion.
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The cost about the local countermeasures space can be calculated as follows: 
  $L %L : :L L L6 7                                                                                                 7  
Where $L: = Unit price of the countermeasures L$ , L$ ; %L: = Unit price of the countermeasures L% , 
L% ; L6 = Engineering quantity of L$  ; L7 = Engineering quantity of L% . 
4. Conclusion 
This study focused on the decision-making of two-lane highway roadside safety improvement. The paper 
proposed evaluation standard for roadside safety indicators and corresponding improvement countermeasures 
library and a decision-making information fusion model by Game Theory. The decision-making process of 
roadside safety improvement is a multi-source safety information fusion process. The evaluation standard for 
roadside safety indicators and corresponding improvement countermeasures library can clearly to provide a study 
basis for Game Theory to determine local countermeasures space. This study idea of safety decision-making 
process let the application of Game Theory in roadside safety improvement projects become scientific and 
reasonable. In order to obtain the optimal costs or safety benefits and make optimal safety decisions, roadside 
safety information in the fusion process used different countermeasures space. The research results provided a 
scientific support for roadside safety improvement program. 
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